Spontaneous isolated superior mesenteric artery dissection (SISMAD) has been known as a rare vascular disease. However it is increasingly reported in these days with the development of advanced imaging technology. Underlying etiology, natural course or an optimal management strategy of SISMAD is not exactly known at the moment. During the past 10 years, we have had an interest in this rare vascular disease and collected clinical and image data in 100 or more patients with SISMAD. In this review article, I would like to describe my current understanding of SISMAD on the base of our recent publications in the major vascular surgery journals.
INTRODUCTION
Spontaneous isolated superior mesenteric artery dissection (SISMAD) is a rare vascular disorder. The incidence of SISMAD reported in an autopsy series was 0.06% [1] . Since Bauersfeld [2] reported the first case series of SISMAD in 1947, this rare vascular disorder has been anecdotally reported as case reports or case series. The development of advanced imaging technology, in particular abdominal computed tomography (CT) scan, appears to have increased detection of SISMAD. By reviewing previous reports, we came to know that SISMAD is more prevalent in males in their 50s and often develop at the proximal part of the superior mesenteric artery (SMA). Though we don't know the exact reasons, SISMAD seems to be more frequently reported in Asian countries including Korea, Japan and China [3] [4] [5] [6] [7] [8] [9] [10] [11] .
ETIOLOGY
Some authors suggested an arterial wall pathology as the underlying cause of SISMAD, which includes fibromuscular dysplasia, cystic medial necrosis, arterial mediolysis, adventitial inflammation, disruption of the internal elastic lamina, penetrating arterial ulcer, pseudoaneurysm, and aneurysm [12, 13] . Although several authors described various connective tissue diseases as possible causes of SISMAD, no specific underlying cause of SISMAD was identified in the majority of reports. Furthermore, it is not easy to differentiate those connective tissue disorders from the secondary changes following arterial dissection. One Chinese group reported familial cases of SISMAD with genetic heterogeneity of chromosome locus 5q13-14 [14] .
To find any differences in patient characteristics between SISMAD and combined aortic and SMA dissection (CASMAD), we investigated demographic (age, gender), clinical (concurrent disease, mode of symptom onset, and time relation between meal and symptom onset), and lesion characteristics (angiographic type, SMA branching angle from the aorta, location of entry tear site, and length of SMA dissection) of SISMAD and CASMAD after excluding patients with Marfan's syndrome. By such comparison, shear stress distributions at the midsection of the SMA during the systolic phase using various branching angles of the SMA from the abdominal aorta. When we focused on the streamline patterns, we could see the rotating vortical flow close to the ostium of the SMA. We also observed an accelerated f low from the posterior wall towards the anterior wall of the SMA with strong momentum independent of the SMA branching angle. On a computer simulation model, we observed abnormal mechanical stresses to the anterior wall of the SMA at the transition zone of the SMA from a fixed (under the pancreas) to a relatively unfixed portion (in the mesentery root), but the location of dissection entry was not consistent with the lower margin of the pancreas. We concluded that the development of SISMAD seems more likely due to abnormal hemodynamic forces caused by convex curvature and running of the SMA from a fixed to a relatively mobile part.
DIAGNOSIS
Most patients with SISMAD are easily diagnosed with the characteristic finding of a "double lumen sign" of the SMA on axial views of CT images and/or dissected segment of SMA on selective mesenteric angiography or CT angiography (CTA) (Fig. 3) . To detect arterial dissection on CT image, it requires a high level of suspicion when viewing visceral arterial images. In practice, catheter-based arteriography is not recommended for the diagnosis of SISMAD. On CT images of SISMAD, it is important to see the entry and reentry sites of the arterial dissection, the diameter and length of the dissected segment, the patency of the false and true lumens, the major collateral branches we found some difference between SISMAD (n=51) and CASMAD (n=38). SISMAD was more prevalent in male gender (90% vs. 71%, P=0.02) and symptomatic patients were more common in SISMAD (77% vs. 0%, P<0.001). However, hypertension was more common in patients with CASMAD (66% vs. 31%, P=0.001).
The other hypothesis to explain the pathogenesis of SISMAD is "shear stress injury" of the SMA. It is assumed that an abnormal shear stress can develop at the transitional zone of SMA from a fixed (under the pancreas body) to a relatively unfixed (in the mesenteric root) segment. This abnormal shear stress can cause SMA dissection just like the development of type B aortic dissection at the level of the left subclavian artery. As the first step to prove the "shear stress hypothesis" of SISMAD, we retrospectively measured the distance between the lower margin of the pancreas to the entry site of SISMAD on CT images (Fig. 1) . The entry sites of SISMAD were located at a mean distance of 11.2±9.61 mm from the lower margin of the pancreas [3, 15] .
On the assumption that mesenteric blood flow augmentations may change shear stress at a specific part of the SMA wall and lead to the development of the arterial dissections, we conducted computer simulation studies using f luid dynamic models in collaboration with a specialist in fluid dynamics. To investigate flow dynamics around the origin of the SMA and its convex curvature, we conducted a f low structure investigation using computational fluid dynamics. The commercial software CFX (V.12; ANSYS Inc., Canonsburg, PA, USA), which uses a finite volume method, was used to simulate blood flow by solving the Navier-Stokes equations. Fig. 2 shows the streamline patterns of blood flow within the SMA and wall of the SMA, the presence of mesenter y hematoma, any signs of bowel ischemia, and the presence of other concurrent arterial dissections. According to the patency of the entry and reentry sites, and false and true lumens, SISMAD was stratified based on their angiographic features [16] . We previously reported a simplified and modified angiographic classification of SISMAD (Table 1 categorized SISMAD patients by their angiographic types on CT angiography, they were found to be distributed as type I in 37%, type II in 55%, and type III in 8%.
CLINICAL FEATURES AND NATURAL COURSE
On our retrospective review of SISMAD patients in Samsung Medical Center, the mean age of patients was 54.6±11.7 years (range 40-85 years) and 90% was male gender. Clinically, 23% of the patients were incidentally detected on CT images while 77% of SISMAD patients presented with abdominal pain [15] . In 92% of the patients, pain developed with sudden onset, with an epigastric or periumbilical presentation in 66%, severity of 7-10 on a 0-to-10 analogue scale in 79% and postprandial aggravation only in 16% of SISMAD patients [3] .
We found a positive correlation between pain severity and dissection length (P=0.03; r=0.50, Spearman's partial correlation analysis) [4] . When we compared their clinical features by the angiographic types, there was no difference between types. However dissection length was positively associated with more severe clinical symptoms in SISMAD patients [4] .
We reported the natural course of SISMAD derived from follow-up of 46 SISMAD patients who underwent conservative treatment and periodic follow-up with CTA [3] . Among a total of 58 patients with SISMAD, endovascular (n=1) or surg ical (n=4) treatment were performed for patients with persistent abdominal pain despite conservative treatment or signs of bowel ischemia.
We retrospectively investigated changes in length, type, or remodeling of the dissection and SMA patency on multidetector CT scan. To evaluate clinical course, presence of persistent or recurrent abdominal symptoms was queried (Fig. 5) . No patient showed progression of the dissection on follow-up angiograms. During the follow-up period, 10 patients (26%) reported mild abdominal discomfort; however, no patient developed recurrent abdominal pain following conservative treatment of the recurrent pain. During the follow-up period, one patient required small bowel resection due to late development of bowel stricture; however, no mortality related to SISMAD occurred [3] .
TREATMENT
Treatment options for patients with SISMAD include conservative management with or without antithrombotic therapy, endovascular therapy with SMA stenting or open surgery such as bypass or direct surgical reconstruction of the SMA lesion.
Gobble et al. [17] thoroughly reviewed the literature and reported 106 cases of SISMAD. Excluding 10 asymptomatic cases, 96 symptomatic patients were treated with either expectant management, anticoagulation, open surgery, or endovascular stent placement. Of these patients, 48% were managed successfully with conservative management. In whom conservative management was not successful in relieving symptoms, they were treated with open surgery or SMA stenting. They reported a 17.7% mortality rate in SISMAD patients.
In our experience at Samsung Medical Center, in Seoul, Korea, among 58 patients with SISMAD, 49 patients (84.5%) were symptomatic. Excluding five patients who underwent open or endovascular therapy due to prolonged unrelieved pain, 91.4% (53/58) of all SISMAD and 89.8% (44/49) of symptomatic patients showed symptomatic improvement with conser vative treatment. Among them, 75.5% (40/53) were not prescribed anticoagulants or antiplatelet agents. We experienced that there was no difference in clinical course in patients with and without adjuvant antithrombotic therapy.
Our recommendations for symptomatic SISMAD patients are conservative management as first-line treatment, consisting of bowel rest to reduce demand of mesenteric blood supply, intravenous fluids, and nutritional support. With conservative therapy, abdominal pain subsided within 7 days (median 4 days, range 1-7 days) in the majority of patients. According to our recent data of long-term results of conservative treatment of 100 or more patients with SISMAD (unpublished data), we have experienced results similar to the above-described results. Regarding the indications for intervention, we recommend interventional therapy for patients with prolonged abdominal pain >7 days or with signs of acute bowel ischemia. When we reviewed the follow-up results after conservative treatment of SISMAD, 90% showed complete relief of abdominal pain whereas 10% showed residual abdo minal discomfort. Among the patients with complete relief of abdominal pain, 26% showed recurrent abdominal discomfort in later days but were spontaneously relieved unless they were followed by structural deformity such as ischemic stricture of the bowel. Follow-up CTAs of SMA dissection showed no change in 44%, complete remodeling of the SMA dissection in 15% and improvement of dissection (e.g., reduced false lumen diameter or reduced dissection length) in 41% of patients [3] .
A B
Various surgical treatments such as combined SMA throm bectomy, intimectomy and patch angioplasty; SMA interposition graft, and aorto-SMA bypass have been reported [18] [19] [20] [21] [22] [23] . In SISMAD patients, mesenteric anastomosis is technically demanding due to a thin dissected SMA wall, risk of distal or proximal progression of the arterial dissection, and difficult proximal control of the SMA. In our current practice, open surgery is not used for patients with SISMAD unless there is presence of bowel gangrene or late bowel stricture.
Endovascular treatment with SMA stenting has been reported with successful outcomes [10, 17, 24] . However there has been no report describing long-term results of endovascular treatment for patients with SISMAD. As described above, most of the SISMAD patients are in age of 50s. Unlike the atherosclerotic SMA disease, SMA stenting in acute SMA dissection carries the risk of complications such as arterial rupture or progression of arterial dissection. Endovascular therapy is an excellent option when it comes to length of hospital stay and promptness of pain relief. However, I personally worry about the risk of late development of in-stent restenosis or thrombotic occlusion of the SMA stent. In my personal experience, SMA stents used for patients with atherosclerotic SMA disease was not so durable in patency compared to stents used in other arteries. Additionally "leave nothing behind" is a current trend of endovascular therapy. Therefore, despite the expected prompt efficacy of SMA stenting, I would like to recommend conservative treatment for patients with SISMAD, considering the possible late complications of SMA stenting. Only in specific cases of unrelieved abdominal pain for >7 days after conservative treatment, or in patients with a short life expectancy such as very old patients or in patients with coexisting malignant disease, should SMA stenting be recommended as primary treatment. Otherwise, I would like to recommend an expectant, conservative treatment as the first line treatment of SISMAD.
CONCLUSION
SISMAD is a rare vascular disease and an uncommon cause of abdominal pain. Though the pathogenesis of SISMAD is still elusive, anatomic and hemodynic characteristics of SMA may be a causative factor for the development of SISMAD. Most patients with SISMAD showed benign clinical course. I recommend conservative treatment for all SISMAD patients as the first line therapy reserving primary intervention for selected patients.
